In many experiments on single-component plasmas, including antimatter plasmas, the standard diagnostic techniques used to measure the density and temperature are not appropriate. We present a new method for determining the size, shape, average density, and temperature of a singlecomponent plasma confined in a Penning trap from measurements of the plasma mode frequencies. parameters, a capability previously unavailable for electron plasmas and requiring laser systems for ion plasmas.
the confinement of charged particles have been performed in Penning traps.
High-precision measurements of magnetic moments of fundamental particles [1) have been made, and atomic spectroscopy in an isolated trap environment is of potential use for the next generation of atomic clocks [2] . Similar traps are employed in ion cyclotron mass spectrometry [3] , and for experiments on pure electron plasmas [4) .
Recently, Penning traps have been used to accumulate antiparticles. Large numbers of positrons have been confined [5] , with the goal of studying positron-electron plasmas. These cool positrons have proven useful in the study of positron-molecule interactions [6] . Trapped antiprotons have enabled the precise measurement of the antiproton mass and are required for the formation of antihydrogen [7] .
In many of these experiments, the trapped particles form single-component plasmas.
Although such work [4, 8] has concentrated on cylindrical plasmas, many experiments require a harmonic confining potential, in which the low-temperature equibbria are uniform-density spheroids [9] . A recent cold fluid theory [10] predicts the frequencies of plasma modes in laser-cooled ion plasmas [9, 11) and hss been used to deduce the aspect ratios of cold, spheroidal electron plasmas [12] , but no detailed work on these plssmas at finite temperatures has been carried out.
In this Letter, we present experimental results on the dependence on aspect ratio and temperature of the quadrupole mode frequency in spheroidal electron plasmas. The experiment exploits our new capability of controlling the plasma temperature by rf heating. We compare our results with an analytical model [13] and with numerical simulations. This is the first comprehensive experimental and numerical study to elucidate the shapedependent effects of plasma temperature on these modes.
When extrapolated to T = 0, the data agree well with the cold fluid theory. At the experimental temperatures of 300 K and above, the frequencies are found to depend on the plasma temperature, length, and aspect ratio. Fig. 1 generates the mirror field for a "magnetic beach" temperature analyzer [14] . and lower than III, . In contrast to the center-of-mass mode, the frequencies of these plasma modes are not determined only by the trapping potential, U. In Fig. 2(b the cold fluid equilibrium relation [9] for u"as a function of~, and n, the solutions to Eq. (1) can be expressed as functions of a only, as shown in Fig. 3 Fig. 3 .
The frequency of the mode shown in Fig. 2(b) was studied as a function of the aspect ratio and temperature. The aspect ratio was varied by reducing the magnetic field after loading the electrons, thus expanding the plasma radially. Temperature effects were studied by heating the plasma and measuring the mode frequencies as the plasma cooled, as shown in Fig. 2 . The inset shows the radial density proflles of these plasmas.
confirming our identification of the mode. 
where As = 2Qi(kz)/(a -1), k~is the Boltzmann constant, and p = 3 is the ratio of specific heats for one- Fig. 4 .
For positron and positron-electron plasmas, nondestructive diagnostics are essential, and the measurement of the frequencies of plasma modes is an attractive way of accomplishing this, because frequencies can be measured with great precision. The modes studied are global, and thus they provide information on global plasma parameters. For the purposes of mode studies, the spatial distribution is adequately parametrized by L and n, since the mode frequencies are relatively insensitive to the ra dial density profile. Therefore, the cold fiuid equilibrium theory for a uniform-density spheroid [9] Fig. 2(b) . Alternatively, if the temperature can be controlled, the plasma length and aspect ratio may be found from the slope and intercept of data for (~z)z vs T. Applying this technique to the data in Fig. 4 
